hrQ-'hj=(hyQ-'hJH], and thus can be easily carried out. Then the inverse of (K + L)(K + L ) matrix '@IK @ Q -' )~K is calculated.
Following a Rayleigh-fading assumption, the channel coefficients {h,Jl)} are generated as Gaussian random variables with zero mean and equal variance which are independent for different n, and/or 1; also, {hn,(l)} are fixed within one frame and changed independently from frame to frame. In the following examples, we set L = 1 (a 2-ray channel), N = 162 (frame length), M = 18 (number of pilots within a frame), K = 18 (sub-frame size for detection), and the system is assumed to have one co-channel interferer, which is generated using a similar method to the desired user. We compare the proposed scheme with linear zero-forcing (ZF) and minimum mean-squared error (MMSE) receivers. The ZF and MMSE receivers are implemented as follows: first a channel estimate for the desired user is obtained via a least-squares (LS) fitting using the pilot symbols; the LS channel estimates are next substituted in the standard linear ZF and MMSE receivers for symbol demodulation. Note that with only the CSI of the desired user, the ZF receiver is able to suppress ISI, but not CCI. 
Fig. 1 BER against SNR in Rayleigh fading channels
Fig . 1 shows the hit error rate (BER) of the ZF and MMSE receivers as well as the proposed scheme against signal-to-noise ratio (SNR) under several values of signal to co-channel interference ratio (SIR). It is seen that when the CCI is weak, i.e. SIR= 10 dB, the ZF receiver performs best since it completely removes the IS1 that dominates the overall interference in this case, and the proposed algorithm can achieve almost identical performance. When the CCI becomes stronger, i.e. for SIR=OdB, the ZF fails because it is unable to cope with CCI. However, the MMSE and the proposed receivers can better mitigate the overall interference. Yet the proposed scheme outperforms the MMSE receiver considerably for all values of SNR and SIR considered in this example.
Conclusions:
We have proposed a channel estimation and interference cancellation scheme for wireless cellular systems that utilises spatial diversity receiving. The proposed scheme is simple to implement and able to deal with interference of various sources. Therefore, it is effective and computationally efficient. While only spatial diversity is invoked in this Letter, the proposed scheme may be extended to incorporate time diversity techniques as discussed in [4, 51. This will be investigated in the near future. Introduction: Fast power control in CDMA systems can increase the capacity by eliminating fluctuations in the received signal. Perfect power control that tracks multipath fading requires the transmission of very high power levels occasionally when the user is in a deep fade, which increases the intercell interference. However, in real systems, the transmitted power of the mobile is necessarily limited. Analytical results for the performance of cellular CDMA system with fast power control under multipath fading has been recently presented, but, to simplify the analysis, it is commonly assumed that users connect to the nearest base station [I, 21. However, in reality, the mobile is usually connected to the most favourable among a set of base stations.
Acknowledgnient
System model: We consider the uplink channel of a cellular DS-CDMA system with N users per cell. Each user communicates with the base station that provides the least average attenuation among a set of N, closest base stations. Therefore, the area of the system will be divided in two regions: the region Ro, which contains the points having the reference base station BSo among the N, nearest base stations; and the region R l , which contains the points not having BSo among the N , nearest base stations. The radio channel is affccted by distance, path-loss exponent, lognormal shadowing and multipath fading. Fast power control is employed and the power transmitted by a mobile user to compensate multipath fading is limited to a given value PM. We consider that M equal strength signals with Rayleigh distribution are received and optimally combined in RAKE receivers. The power of the multipath fading will thus have a chi-squared distribution with 2M degrees of freedom, with a probability density function given by:
Probability of outage calculation: With direct sequence BPSK of spreading bandwidth Wand assuming a sinc chip shape, the following expression holds for the ratio of despread bit energy to interference
No. 8 density for a given user: variance of the total intercell interference will be:
where S is the received power from the desired user, Rh is the data bit rate, I,, and I,,, are, the intracell and intercell power levels respectively and No is the background noise power spectral density, which we will assume to be negligible. An outage will be considered to occur when the received Eb/fo is below a given required value y. Therefore, the probability of outage can be written as:
where 6 = ( W/Rb)/y.
To evaluate (3) we need to calculate the total interference normalised to the power received from the desired user. The interference at BSo from a single user k located in the region R 1 will be given by:
where dk, is the distance between mobile k and base stationj, p is the path-loss exponent, (kj is a random variable modelling the shadowing effect between mobile k and base stationj, which is assumed to follow a Gaussian distribution with mean 0 and deviation 0,-, jlFkj is a random variable modelling the multipath fading process between mobile k and base station j and yFb is the power transmitted by a mobile to compensate the multipath fading. The moment of order n of the interference generated by user k in R , will be:
where B = (In 10)/10. The first factor in (5) can be given by [3]:
while for the second and third factors we have:
For a mobile in the region Ro we proceed nearly as before, but for the mobile to generate intercell interference, the minimum average attenuation to the nearest N,-1 base stations must be lower than the attenuation to BSo. Therefore:
where for the first factor in (IO) we have 
The power S received from the desired user will not always be constant because the maximum transmitted power to compensate the multipath fading is limited to PM. Therefore we can write
When fast power control is employed, the total normalised intercell interference is nearly lognormal [l] , and the mean and variance will be:
( 1 8) considering N -1 interfering users connected to BSo, the intracell
interference will be:
where d k is a binomially distributed random variable modelling voice activity factor taking values 0 and 1, with P(dk= 1) =CY.
Numerical results and conclusions:
In Fig. 1 we show the probability of outage against maximum transmitted power PM permitted to compensate the multipath fading. We consider 41 users per cell, p =4, uc = 8 dB, 6 =42.6 and M = 3. Our results show that if P,,, is too low, the probability of outage is high because the user is unable to compensate the multipath fading. However, perfect tracking of multipath fading can reduce the system capacity due to the increase of the probability of outage. The reason for this is that if deep fades are compensated, peaks of intercell interference are introduced in the system. It is also clear that the results obtained with the approach in [I] (a user connect to the nearest base station or to BSo) are quite different to the ones obtained with the more realistic approach presented here. A new fiequency reuse scheme for coherent orthogonal frequency division multiplexing (OFDM) cellular systems using high level modulation schemes, whereby both data and pilot parts can have different frequency reuse factors, is described. The capacity increase is investigated by simulations.
4
Introduction: Orthogonal frequency division multiplexing (OFDM) is commonly used for high data rate wireless applications [ 1,2] owing to its inherent ability to combat inter-symbol interference (ISI). Higher data rates can be supported by the introduction of high level quadrature amplitude modulation (QAM) schemes (e.g. 16 QAM and 64 QAM), where for cellular OFDM systems the required carrier-tointerference ratio (C/I) has to be improved.
15.2
Frequency reusefactor: Because bandwidth is limited and expensive, cellular systems implement frequency reuse. An example of frequency reuse factor (FRF) equal to 3 is shown in Fig. la , where the allocated bandwidth is partitioned into three parts. Another example of FRF equal to 9 is shown in Fig. lb , where the allocated bandwidth is partitioned into nine parts. Frequency reuse scheme: For coherent OFDM systems, the pilot part is used for the channel estimation of the data part. Traditionally in cellular systems, both data and pilot parts have the same FRF. For the pilot part, power control cannot be applied when the pilots are shared by all active users within one cell. In such systems, at the edge of the cell the cochannel interference for the pilot part is high, and hence the C/I value is low. Therefore, BER performance at the edge of the cell is degraded, which decreases the whole system capacity. In this Letter, we propose a new frequency reuse scheme, whereby the FRF of the data part and the FRF of the pilot part can be different. A higher FRF
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for the pilot part means a slightly higher pilot overhead, but also lower cochannel interference from the neighbouring cells. Therefore, improved channel estimations can be achieved based on these pilots and the required C/1 for the data part can be reduced, thereby enabling more active users to be supported within one cell.
System description and results:
For clarity, we assume that each cell has only one sector and the downlink cochannel interference for the central cell comes from four rings of the surrounding cells as shown in Fig. 1 . To evaluate the performance, a multi-user frequency hopping OFDM system, the main parameters of which are specified in [3], was simulated. 1512 subcarriers are allocated, each user is assigned one block and each block consists of 24 consecutive subcarriers and one timeslot. These blocks randomly hop each timeslot from one subcarrier to another to obtain frequency and interference diversity. In addition, the same number of users is randomly placed in each hexagon cell. The model of path loss in [4] is used, where the antenna height is 30 m and the carrier frequency is 700 MHz. The shadowed fading is modelled as log-normal fading with 8 dB variance. Noise floor is set to -174 dBm and receiver noise figure is set to 5 dB. The carrier and the cochannel interference power from the surrounding cells are summed across all users every timeslot and the C/I value is obtained by averaging 5000 timeslots. Based on these parameters, a cellular downlink simulator was built to produce the cumulative distribution function (CDF) and the variance of the interference probability density function (PDF). One example of the CDF curve for data part and FRF equal to 3 is shown in Fig. 2 . For a 1% outage probability, the required average C/I for the data part and FRF equal to 3 are shown in Table 1 . For the pilot part, the lowest C/I is obtained at the edge of the cell, i.e. 10. I dB for FRF equal to 3 and 20.0 dB for FRF equal to 9. No. 8
